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Introduction

Wegener’s granulomatosis (WG) is an autoimmune dis-
ease characterized by a necrotizing granulomatous, small-
vessel vasculitis. Anti-neutrophil cytoplasm antibodies
(ANCA) are associated with WG, are pathogenic,2 and
are high-affinity class-switched antibodies that will require
T-cell help for production.” T-cell activation markers are
raised in active disease™ and remission® with T-cell accu-
mulation in affected tissues. Intrarenal T cells correlate
with renal impairment’ and anti-T-cell therapies may be
effective.>” Recent studies have demonstrated increased
CD25 expression on CD4" T cells and a possible correla-
tion between CD25 on CD45RO™ T cells and severity of
vasculitis disease.'®'" Although this T-cell population was
interpreted as a naive population, it may also represent a
memory subset that has undergone CD45RA reversion, a
population that is known to be expanded in WG."?
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Summary

An increased proportion of CD4" CD25" T cells has been reported in
Wegener’s granulomatosis (WG) and may represent an accumulation of
regulatory T cells (Treg). CD25 is also expressed on recently activated
effector T cells. We have determined the relative proportion of these sub-
sets in a large patient cohort. The fraction of Treg in peripheral blood
mononuclear cells from patients and healthy controls was determined by
assessment of Foxp3 expression on CD4" CD25" T cells. The functional
activity of Treg was determined by their ability to suppress proliferation
and cytokine production in response to proteinase-3. Although WG
patients demonstrated an increased fraction of CD4" CD25" T cells, the
percentage of Foxp3-positive cells was decreased. In addition, the percent-
age of Treg was inversely related to the rate of disease relapse. CD4"
CD25™ T cells were able to suppress T-cell proliferation to proteinase-3 in
healthy controls and anti-neutrophil cytoplasm antibody (ANCA)- nega-
tive patients (at time of sampling) but not in ANCA-positive patients. In
patients with active disease, an increased proportion of CD4" Foxp3™ cells
was associated with a more rapid disease remission. Patients with WG
demonstrate abnormalities in the number and function of Treg and this
is most pronounced in those with most active disease. This information is
of value in understanding the pathogenesis and potential treatment of this
disease.

Keywords: autoimmune diseases; autoimmunity; systemic vasculitis; T cells;
Wegener’s granulomatosis

Regulatory CD4" CD25" T cells (Treg) are critical for
preventing development of autoimmune disease in mice."?
In humans, CD25 is expressed on effector cells and Treg
appear to be confined to the CD25" subset.'*!®> Foxp3
has been identified as a specific marker for Treg.'®™'®

The role of Treg in human disease has been difficult to
define because of the difficulties in distinguishing between
effector and Treg using CD25 alone. In healthy control
(HC) subjects CD4" CD25" T cells appear to play a role
in controlling the T-cell response to several autoanti-
gens.'”? In autoimmune diseases, fewer circulating CD4"
CD25" Treg are reported compared with controls®® but
this may be accompanied by increased CD4" CD25" cells
at the site of disease.”” Few studies have characterized
Treg by Foxp3 expression and they do not address anti-
gen-specific populations.

Using Foxp3 to identify Treg, there is no difference in
numbers of Treg in systemic lupus erythematosus or
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rheumatoid arthritis patients compared with HC. How-
ever CD4" CD25™ cells from patients with active rheuma-
toid disease had less Foxp3 messenger RNA than HC and
patients post-treatment with infliximab.** Measuring
Foxp3 expression in this way would not distinguish
between less Foxp3 expression in individual Treg, or
whether there were more effector T cells than Treg cells
within the cell population.

The aim of this study was two-fold; first to address the
role of CD4* CD25" Treg in WG by investigating the fre-
quency and phenotype of CD25" and Foxp3" T cells
within the CD4" population in a patient cohort. This
would help to more accurately define the increase in T-cell
CD25 expression'® and to identify whether specific patient
sub-groups have differing CD4" T-cell phenotypes. Sec-
ond, to investigate Treg control of auto-antigen-specific
T cells in WG. As immunoglobulin G-ANCA production
is thought to require T-cell help we determined the ability
of CD25" T cells to suppress T-cell proliferation to the
proteinase-3 (PR3) autoantigen.

Patients and methods

Patient characteristics

Patients were recruited at the Wellcome Trust Clinical
Research Facility, Birmingham or New Cross Hospital,
Wolverhampton, UK. Local Research Ethics Committee
approval and informed consent were obtained. Blood
samples from 33 HC volunteers (median age 52 years;
range 30-82) were used. The HC donors were identified
from laboratory staff and a local cohort of healthy elderly
research volunteers.

Three separate cohorts of patients (Patient groups, PG)
took part in this study. Patients whose blood was used
for investigating the expression of Foxp3 and CD25 and

Regulatory T cells in Wegener’s granulomatosis

investigating the relationship between the expression of
these markers and disease relapses (PG1) (n = 55) were
identified in the outpatient department (Table 1). Patients
whose blood was used for serial Foxp3 analysis (PG2)
(n = 21) were identified at the time of presentation with
new disease or disease relapse (Table 1). Blood from a
subgroup of patients in PGl was used for proliferation
experiments (n = 15) or cytokine analyses (n = 14) (PG3,
total n = 16) (Table 2).

Proliferation experiments were carried out in 13 HC and
15 patients who had been PR3-ANCA-positive (ANCA™) at
some point during their disease. All patients had ANCA
tested by indirect immunofluorescence and anti-PR3
enzyme-linked immunosorbent assay (ELISA). A finding of
ANCA" was defined as either cytoplasmic ANCA detection
by immunofluoresence or anti-PR3 antibody titre of
> 10 units by direct ELISA. All patients met the American
College of Rheumatology criteria for diagnosis of WG.*

For serial analysis of Foxp3 expression, paired samples
were collected from 21 patients with newly diagnosed
(n =17) or relapsed (n = 4) WG or microscopic polyan-
giitis and after 14 weeks of immunosuppressive treatment.
Disease activity was defined using the Birmingham Vascu-
litis Activity Score (BVAS).*® Remission was defined as
BVAS score of < 1.

Treatment of patients was determined by severity,
organ involvement and age.”” It is not ethically possible
to standardize therapy within this type of study. Seven of
those sampled at initial diagnosis were treatment free
(n = 7); active disease was treated with cyclophosphamide
and high-dose prednisolone, with plasma exchange if cre-
atinine was > 500 pmol/l. Patients in remission were
maintained on low-dose prednisolone with either azathio-
prine or mycophenolate mofetil. In addition, several
patients received either infliximab (n = 7) or rituximab
(n = 6) for remission induction.

Table 1. Characteristics of patients whose cells were used in flow cytometry analysis to establish regulatory T-cell frequencies

Characteristics of patients (PGI1)
whose cells were used for CD25
and Foxp3 expression (1 = 55)

Characteristics of patients (PG2)
whose cells were used for serial
Foxp3 expression (1 = 21)

Median age

Median creatinine

Active disease 17
Remission 38
ANCA" at sampling 35
ANCA™ at sampling 20
Sampled at new presentation of disease 10

Median time since diagnosis of disease to sampling

Median follow-up
Death during follow-up 6

59-5 years (22-82)
113 pmol/l (65-947)

142 weeks (0-1158)

63 years (25-81)

211 pmol/l (78-657)

21

0

17

4

17

43 weeks (24-165) for four relapsed patients
0 weeks for patients with new diagnosis

335 weeks (20-1200)

ANCA, anti-neutrophil cytoplasm antibody.
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Table 2. Characteristics of patients (PG3) whose cells were used for proliferation and cytokine experiments

Anti-PR3 Disease Creatinine Duration of
Age Gender CRP ANCA (normal < 10) activity (umol/1) Treatment disease (weeks)
1 77 M 12 11in 25 18 R 244 PM 291
2 47 F 16 Neg <2 R 140 PR 1157
3 59 M <2 Neg <2 R 125 PA 374
4 24 M 16 Neg 5 R ESRF PR 332
5 40 F <1 11in 25 18 R 90 P 142
6 64 M 17 Neg 10 R 110 PR 167
7 73 M 3 Neg <2 R 233 PA 167
8! 43 M <3 Neg <2 R 105 P 285
9 73 M 3 Neg <2 R 150 PA 59
10 39 M 56 1 in 100 55 A 94 PR 858
11 47 M 1-4 1 in 100 26 A 289 PC 14
12 74 F <3 Neg 27 R 92 PA 135
13 62 F <1 Neg 3 R 98 PA 183
14! 62 F 7 1 in 100 > 100 A 108 PA 104
15 49 M <2 Neg <2 R 346 PA 431
16> 60 M 1in 25 17 A 130 PR 354

"Proliferation only.
*Cytokine only.

ANCA, anti-neutrophil cytoplasm antibody (by immunofluoresence); anti-PR3, antiproteinases 3 activity as measured by enzyme-linked immu-

nosorbent assay; CRP, C-reactive protein. Disease activity: A, active disease; R, remission; ESRF, end-stage renal failure. Treatment: P, predniso-

lone; M, mycophenolate mofetil; A, azathioprine; R, rituximab.

Cell staining and flow cytometry analysis

Peripheral blood mononuclear cells (PBMC) were isolated
by density gradient centrifugation using Ficoll-Paque Plus
(Amersham Biosciences, Little Chalfont, UK). Cells were
suspended at 5 X 10%ml in phosphate-buffered saline and
100-pl samples were stained for 15 min with antibodies or
isotype controls as detailed below. Permeabilization of cells
and intracellular Foxp3 staining using allophycocyanin-
conjugated PCH-101 (eBioscience, Hatfield, UK) was
performed following manufacturer’s instructions. Fluores-
cence-activated cell sorting (FACS) analysis was performed
using Becton Dickinson FACSCalibur (Becton and Dickin-
son (BD), Oxford, UK) and Dako Cyan (Dako, Ely, UK).
Analysis was performed using CELLQUEST version 3.3 and
sumMmIT version 4.3 (Dako). Antibodies used were against
CD4, CD25 (BD), conjugated with fluorescein isothiocya-
nate, phycoerythrin, peridinin chlorophyll protein (all BD)
or Alexa Fluor 405 (Caltag, Buckingham, UK).

CD25" depletion

Fifty microlitres of CD25 Dynabeads (Dynal Biotech,
Oslo, Norway) per 1 X 10”7 cells were washed in 2 ml
RPMI-1640/10% fetal calf serum (FCS) (both Sigma,
Poole, UK) in a Dynal MPC (Dynal Biotech) following
the manufacturer’s instructions. CD25" cells were resus-
pended in T-cell medium (TCM: RPMI/10%FCS/1%
l-glutamine/1% penicillin—streptomycin).
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To remove CD25" cells from beads, 20 pul of DE-
TACHABEAD (Dynal Biotech) was added for each 50 pl
of beads used following the manufacturer’s instructions.

Proliferation and add back

The PBMC were prepared as described above and half the
sample was depleted of CD25" cells as described. Pre-
depletion and post-depletion cells were resuspended in
500 pl RPMI-1640. Five micromoles carboxyfluorescein
diacetate, succinimidyl ester (CFDA-SE; Molecular
Probes, Invitrogen, Paisley, UK) was added to each sam-
ple for 10 min at 37° then the samples were placed on ice
for 5 min and washed three times in ice-cold RPMI/10%
FCS before cell counting.

Cells in TCM at 1 x 10°/ml were plated into U-bot-
tomed 96-well plates (Falcon; BD Biosciences,) at 200 pl
per well. Either antigen [heat-inactivated purified human
PR3 at 5 pg/ml (Athens Research and Technology, Athens,
GA) or purified protein derivative (PPD) at 10 pg/ml (Sta-
tens Serum Institut, Copenhagen, Denmark)] or medium
alone was added. Plates were incubated at 37°, 5% CO, for
11 days. At day 5, 100 pl supernatant was removed from
each well and frozen at — 80° for future cytokine analysis.
At day 11, cells were removed from the wells, washed and
stained for surface expression of CD4 and proliferation was
analysed by flow cytometry. Initial analysis of proliferation
at day 5, 8 or 11 showed that at day 11 reasonable pro-
liferation to control antigen, with minimal non-specific
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background proliferation, could be seen in both HC and
patients. Cell proliferation was recorded by measuring pro-
gressive loss of membrane CFDA-SE.

In add-back experiments, PBMC were separated as
described. Cells were then resuspended in 1.2 ml TCM.
Two hundred microlitres was removed to use as non-
depleted cells, the remainder underwent CD25" depletion
as described. CD25~ cells were kept and CD25" cells were
removed from the beads as described. The non-depleted
cells and CD25" fractions were stained with CFDA-SE.
All cells were washed and re-suspended in TCM at
1 x 10°%ml. One hundred microlitres of non-depleted and
CD25" cells was plated into 96-well U-bottom plates.
Fifty microlitres of CD25" cells was added to 50 ul of
unstained CD25% cells; 2 x 10* anti-CD3/anti-CD28
(Dynal Biotech) beads were added to each well. Cultures,
in duplicate, were incubated at 37°, 5% CO, for 4 days
before proliferation was measured.

Cytokines

Interferon-y (IFN-y) and tumour necrosis factor-o. (TNF-a)
were measured in 50 pl culture supernatant using a
custom cytokine reagent kit (Bio-Rad Laboratories, Hemel
Hempstead, UK) following the manufacturer’s instructions
on a Luminex 100 (Bio-Rad Laboratories) and analysed
using BIo-PLEX Manager Software (Bio-Rad).

Statistical analysis

Comparisons between groups were carried out using
Mann-Whitney U-tests for non-paired data and Wilco-
xon signed rank test for paired data using spss for Win-
dows (version 14; SPSS, Chicago, IL) and GraphPad
Prism (version 4; Graphpad software, La Jolla, CA). The
multivariable analysis was performed using a linear
regression. The relapse rate was calculated per 100 patient
weeks for each patient.

Results

Preliminary studies confirmed previous reports®® that
patients (n =21) had significantly lower lymphocyte
counts and CD4" T-cell counts than healthy controls
(n =27) (data not shown) therefore the data presented
refer to percentages of CD4" cells rather than absolute
numbers.

An increased fraction of CD4" T cells are CD25™ in
patients with Wegener’s granulomatosis but
expression of Foxp3™ is reduced in this subset

Compared with HC, PG1 showed a significant increase in
the percentage of CD25™ CD4" cells (Fig. 1a) and the
median fluorescence intensity (MFI) of CD25 (Fig. 1b).
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There was no difference between PGl and HC in the
percentage of Foxp3" CD4" cells (Fig. 1c). There was a
non-significant decrease in Foxp3 expression in the PGl
(Fig. 1d) with a decreased proportion of Foxp3" cells in
the CD4" CD25™ fraction in the patient group (Fig. le).

Decreased Foxp3 expression on CD4" T cells from
patients who are ANCA-antibody positive

In the PG1 group there was no difference between active
disease and remission, or currently ANCA* and ANCA~
patients, in the percentage of CD25" Foxp3* CD4" T cells
(data not shown). There was less Foxp3 expression in the
CD4" Foxp3" T cells of PG1 patients who were currently
ANCA" (MFI 36, range 24-86) compared with HC (MFI
44, range 30-60; P = 0-0037). There was a trend to
increased Foxp3 expression in CD4" Foxp3" T cells in the
PGl who were currently ANCA™ (MFI 41, range 28-60)
compared with currently ANCA" patients (P = 0-059).

Higher CD25 expression, or reduced proportion of
Foxp3" cells, within the CD4" CD25™ T-cell
population, are both associated with disease relapse

In a multivariate analysis of the PGl group using age,
serum creatinine concentration, ANCA status, disease
activity and relapse rate, CD25 expression showed a posi-
tive correlation with relapse rate, whether measured as
percentage of CD25" CD4" T cells (beta coeffi-
cient = 0-38, P = 0-011) or as median CD25 expression
(beta coefficient = 0-33, P = 0-025). The percentage of
Foxp3* CD4" CD25" showed a negative correlation with
disease relapse rate (beta coefficient = — 0-32, P = 0-034).

An increased proportion of Foxp3™ cells in the CD4"*
T-cell population is associated with a more rapid time
to clinical remission

In the PG2 group the median time to remission was
14 weeks. At presentation, the percentage of Foxp3" CD4"
T cells was higher in patients who went into remission by
14 weeks (n = 10) compared with those who still had
active disease (n = 11) at week 14 (Fig. 2a). There was an
increase in the percentage of Foxp3" CD4" T cells at week
14 compared with week 0 in both patients in remission as
well as those in whom disease remained active (Fig. 2b,c).
Only patients who were in remission had an increase of
Foxp3 within CD4" Foxp3* cells at week 14 (Fig. 2d).

T-regulatory cells suppress proliferation to PR3 in
healthy controls and ANCA™ patients but suppression
is lost in ANCA™ patients

Proliferation to PR3 and tuberculosis-derived recall anti-
gen PPD was measured in both PG3 (n = 15) and HC
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Figure 1. Flow cytometry analysis of markers of T-cell activation and regulation on peripheral blood mononuclear cells from patients with
Wegener’s granulomatosis (PG1; n = 55) and age-matched healthy controls (HC, n = 33). Patients showed an increased percentage of CD4" lym-
phocytes that were CD25" (a) (*P = 0-0006) and an increase in CD25 median fluorescent intensity (MFI) (b) (**P < 0-0001). There was no dif-
ference between patients and HC in the percentage of Foxp3™ CD4" cells (c). There was a non-significant decrease in Foxp3 expression in the
patient group (d) with a decreased proportion of Foxp3* cells in the CD4" CD25" fraction in the patient group (e) (***P < 0-0001) and there-
fore the increase in CD4" CD25" in the patient group is likely to be the result of an increase in the frequency of activated and not regulatory
CD4" T cells.

(a) (b)
17-54 304
& 15.04 p=0032 & P=0014
2 12.5- o 2
g 125 . 3 20
— 10-04 ° =
8 [— o
(&) 7:59 .. ° o
& 50- S % 107
% — % Q
S 2.5+ %0o® °o® 5
LS ) g
0-0 N LT T . 0 T T
Not in remission In remission Week 0 Week 14
(©) C
_30- g 581 P=0047
o
% P= 0016 ;r 50- ><
T O 454
O 201 H
— 3 404
< x
Pa) % 9 35-
9 10 =
{g_ S 304
kS < 254
y r 220 - A
Week 0 Week 14 S Week 0 Week 14

Figure 2. Foxp3 expression on patients (PG2) with active disease and after 14 weeks of treatment. (a) The percentage of Foxp3" CD4 T cells in
patients with active disease (week 0) was higher in patients who subsequently entered remission by 14 weeks of treatment than those who had
not entered remission by 14 weeks. The percentage of Foxp3" CD4 T cells increased by week 14 of treatment compared with week 0 in both
patients who had gone into remission by week 14 (b) and those who still had active disease at week 14 (c). Only patients who had gone into
remission by week 14 showed an increase in the MFI for Foxp3 on Foxp3" CD4 T cells by week 14 (d).

68 © 2010 Blackwell Publishing Ltd, /Immunology, 130, 64-73



(n = 13). (Clinical characteristics summarized in Table 2.)
Proliferation was normalized to background proliferation
in the absence of antigen (relative proliferation value of
1-0 indicates equal proliferation to medium alone).

Anti-CD25-coated beads led to a good depletion of the
CD4" CD25" subset (Fig. 3a—f).

Patients were divided into a group that were ANCA™
and in remission (n = 9) and a group who were ANCA"
at the time of sampling (n = 6, active disease n = 3).

Before CD25 depletion there was more proliferation to
PR3 in the ANCA"' patients compared with HC or
ANCA™ patients. There were no differences in prolifera-

Regulatory T cells in Wegener’s granulomatosis

tion to PPD. The HC showed less proliferation to PR3
than to medium alone (Fig. 4).

Healthy controls and ANCA™ patients showed increased
proliferation to PR3 following removal of CD25" cells
and this was greater in the currently ANCA™ group than
in HC. The ANCA" patients showed decreased prolifera-
tion on removal of CD25" cells. CD25 depletion resulted
in increased proliferation to PPD in the HC and ANCA™
groups (Fig. 4).

Proliferation to PR3 was confirmed to be antigen-
specific by re-stimulating cells from the proliferation assay
using autologous dendritic cells in an IFN-y ELISpot
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Figure 3. Magnetic bead depletion of CD25" cells. Anti-CD25 coated magnetic beads were used to deplete CD25" cells that were virtually all
confined to the CD4" subset (a, ). (b, d) are gated on CD4" lymphocytes and demonstrate that in this healthy control CD4* CD25™ cells are
virtually all Foxp3" (b, d; right upper quadrant). There are however some CD4" Foxp3" lymphocytes that express intermediate levels of CD25
(b, d; right lower quadrant). (f, g) In both healthy controls and patients, bead depletion led to a decrease in % of CD4" cells that were CD25™
or Foxp3". The removed cells were highly enriched in Foxp3 expressing Treg. Bead depletion led to an increase in proliferation to anti-CD3/
anti-CD28 beads, measured at day 3 (e). Add-back of the depleted CD25" cells led to suppression of this increased proliferation. (*P < 0-05).
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Figure 4. The effect of CD25" cell depletion on proliferative responses in T cells from PG3. Relative proliferation to the auto-antigen proteinase
3 (PR3) in the presence of CD25" cells was significantly increased in the anti-neutrophil cytoplasm antibody positive (ANCA") group compared
with either the currently ANCA™ group (*P = 0-036) or healthy controls (**P = 0-002) (a). There were no significant differences in proliferation
to purified protein deriviative (PPD) between the three groups (b). Proliferation was measured at 11 days. Removal of CD25" led to an increase
in proliferation in response to PR3 in both healthy controls (c) and currently ANCA™ patients (d) with this increase in proliferation being signif-
icantly greater in the ANCA™ patients than controls (P = 0-001). The ANCA" patients showed a significant decrease in proliferation in response
to PR3 (e). Both healthy controls and currently ANCA™ patients showed an increase in proliferation to PPD with removal of CD25" cells but
there was no difference in the degree of this increase between the two groups.

(data not shown). Proliferation to PR3 was confined to
CD3" CD4" cells and was not observed in the CD8" or
CD19" cell fraction (data not shown).

Treg fail to suppress cytokine production in ANCA-
positive patients

Cytokines were measured in the cell culture supernatants
on day 5. There was significant variation between patients
(all from PG3) in the absolute concentration of cytokines
produced. Therefore, the results are expressed as the ratio
of cytokine in the antigen-stimulated cell culture superna-
tant relative to that in the unstimulated cell culture
supernatant. The PBMC from ANCA" patients produced
more TNF-o (median 12, range 4-44) in response to
PR3 than ANCA™ patients (median 5, range 1-29)
(P =0-047). T cells from the ANCA™ patients produced
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less TNF-o in response to PR3 than the HC (median 8,
range 4-12) (P = 0-047).

There were no differences between the groups in cyto-
kine production to PPD.

Following CD25 depletion, there was increased produc-
tion of IFN-y (pre-depletion median 0-5, range 0-1-5;
post-depletion median 1-3, range 0-2-2-4) (P = 0-039)
and TNF-o (pre-depletion median 0-5, range 0-1-2-9;
post-depletion median 0-9, range 0-7-4-9) (P = 0-039) in
response to PR3 in the ANCA™ group but not in HC.

Discussion

Increased CD25 expression on CD4" T cells has been seen
in patients with WG.*>*® Both Treg and effector T cells
express CD25 but the relative proportions of these cells
had not been determined. This study investigated the
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phenotype of CD4" CD25" T cells from WG patients by
measuring Foxp3 expression. We focused on differences
in Treg and effector ratios rather than on absolute T-cell
numbers because absolute numbers are consistently low
in patients with WG."°

At present there is no ideal method for identifying
human Treg. The transcription factor Foxp3 is widely
accepted as necessary for the development of a Treg phe-
notype but as it is only present intracellularly it cannot be
used to identify live Treg. Other markers, such as low
expression of the interluekin-7 (IL-7) receptor (CD127),
have been proposed as a specific way of identifying live
Treg for sorting experiments. Previous investigations have
shown that under in vitro conditions effector T cells acti-
vated by anti-CD3/CD28 antibodies will transiently
express low levels of Foxp3 and lose CD127 expression.’!
We investigated the relationship between low CD127
expression and Foxp3 expression and found a highly sig-
nificant correlation between the two (data not shown)
such that we have defined high CD25-expressing Foxp3™
cells as Treg in this study.

Patients with WG showed a raised percentage of
CD25" CD4" T cells and increased CD25 expression
compared with HC. This increase remained constant over
time for each individual and was not associated with dis-
ease activity or ANCA expression. However, in the popu-
lation, levels of CD4" T-cell CD25 expression were
positively associated with relapse rate.

This increase in CD4" CD25" cells was not accompa-
nied by an increased percentage of Foxp3™ CD4" T
cells and therefore reflects an expansion of activated
effector T cells. Patients therefore exhibit an imbalance
of activated versus regulatory T cells, which may be
important in the pathogenesis of this autoimmune con-
dition.

The determinants of the marked T-cell activation
seen in the patient group are unknown. This pattern is
present before immunosuppression and remains in
many patients throughout the disease. It may therefore
reflect impairment in the control mechanisms for T-cell
activation.

We have been able to demonstrate that although the
percentage of CD25" CD4" T cells is not related to dis-
ease activity there is a relationship between the relative
proportions of CD4" Foxp3™ Treg and CD4" CD25™
effector T cells and disease relapse rates. In addition, time
to remission appears to be less in those with a higher
proportion of CD4" Foxp3" Treg. These observations
imply that the imbalance between effector and regulatory
T cells is an important factor in disease control.

Patients that continue to express PR3-ANCA are at
increased risk of relapse.’* Production of the immuno-
globulin G-ANCA autoantibody is likely to require T-cell
help and implies a breakdown in self-tolerance. The abil-
ity of Treg to suppress T-cell activation by PR3 was inves-
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tigated in our patient cohort. The ANCA"' patients
showed increased proliferation to PR3 compared with HC
and those who had become ANCA™. Indeed, HC showed
less proliferation to PR3 than to medium alone, implying
that activation of antigen-specific Treg by PR3 can medi-
ate bystander suppression of proliferation. To define the
function of the Treg population, CD25" cells were
removed leading to increased proliferation in both the
currently ANCA™ patients and HC. This confirms the
suppression of autoantigen-specific T cells by Treg in HC
that has been shown by others."”*® Removal of Treg in
the ANCA™ group led to greater production of IFN-y and
TNF-a in response to PR3 than in controls. With the
proliferation data, this implies that Treg play an impor-
tant role in controlling PR3-specific T cells during disease
remission.

In contrast, ANCA" patients showed higher proliferation
and TNF-¢ production to PR3 than HC or ANCA™
patients. This implies a loss of Treg control of PR3-specific
T cells and is consistent with the presence of autoantibody
in this group. CD25 depletion resulted in decreased
proliferation in ANCA" patients and probably reflects the
removal of highly activated PR3-specific T cells.

There are several possible explanations for this loss of
Treg function in the patient cohort. ANCA™ patients
expressed reduced levels of Foxp3 in CD4" T cells com-
pared with HC, implying that a possible intrinsic defect
in Treg function may contribute to disease progression.
However, this phenotype was stable across the patient
cohort and is unlikely to explain the relapsing nature of
this condition. In rheumatoid arthritis, serum TNF-o. may
impair Treg function.** Production of TNF-¢ in response
to PR3 was raised in our ANCA™ cohort. Moreover, poly-
clonal stimulation results in increased production of
IFN-y and TNF-o by patients’ T cells, particularly in
active disease.”** Other defects in regulatory components
of the immune system have been shown in WG, such as
polymorphisms associated with decreased cytotoxic
T-lymphocyte antigen-4 function®>”® and IL-10,”” and
decreased number and function of Cld-restricted natural
killer T cells’® and may contribute to increased TNF-o
leading to Treg suppression.

Our results differ from those of Abdulahad et al.’® who
describe an increased percentage of CD4* CD25™ Foxp3*
T cells in patients compared with HC and interpreted this
as reflecting either an increase in Treg or the result of
Foxp3 expression in recently activated effector cells. In
our study we define Treg solely by a CD4" Foxp3* phe-
notype because the transcription factor has now emerged
as a specific marker of Treg within the human immune
system.

Very little is known about the effects of immunosup-
pressive drugs on the number or function of Treg
although there have been reports of increased CD25
expression on T cells in patients taking corticosteroids.*’
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In contrast, a decreased frequency and function of Treg
has been reported following low-dose cyclophosphamide
treatment.* We could show no decrease in CD25 or
Foxp3 expression by T cells in our cohort when this was
stratified according to immunosuppressive therapy (data
not shown).

Our findings demonstrate that within the CD4" T-cell
population there is an upset of the effector : regulatory
balance particularly in those with multiple relapses. More-
over, we show that the proportion of Treg may be impor-
tant in achieving disease remission. This implies that
immune balance is important in control of this auto-
immune disease, possibly irrespective of the tendency to
reduced absolute numbers of CD4" T cells. In addition,
we have also demonstrated that Foxp3" Treg may be
important in the control of auto-antigen-specific effector
T cells. These findings could have implications for disease
management because the transfer of CD4" CD25" Treg
has been shown to ameliorate disease in several animal
models of autoimmune disease** and methods have been
developed to allow in vitro expansion of Treg isolated
from patients with autoimmune disease.*> Adoptive trans-
fer of autologous expanded Treg, alone or in combination
with standard immunosuppressive strategies may there-
fore be a valuable approach in patients with treatment-
resistant disease.
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